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Abstract 
The HiPACT technology (High Pressure Acid-gas Capture Technology), jointly developed by JGC and BASF, is an 
advanced CO2 capture technology that contributes to economical CCS (Carbon dioxide Capture and Storage) 
implementation. The demonstration test was conducted in INPEX’s Koshijihara natural gas plant in Japan. HiPACT 
showed excellent performance in CO2 absorption; 20-27% reduction of solvent circulation rate and 10-20% savings 
in reboiler duty compared with OASE purple were achieved, keeping the CO2 specification at the absorber overhead 
unaffected. A case study suggests that HiPACT reduces CO2 recovery cost (AGRU + CO2 Compressor) by 25 to 35% 
over OASE purple.  
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1. Introduction 
1.1. Concept of HiPACT 
HiPACT (High Pressure Acid-gas Capture Technology) was jointly developed by JGC and BASF. It is 
an advanced CO2 capture technology that contributes to economical CCS (Carbon dioxide Capture and 
Storage) implementation in natural gas and synthesis gas processing plants.  
Fig. 1 shows the general concept of HiPACT. The solvent has high stability against thermal 
degradation, which enables high pressure and elevated temperature operation during solvent regeneration 
to reduce CO2 compression costs. The solvent also has a higher CO2 absorption capacity than 
commercially available solvent technologies, which results in decreased solvent circulation rates and 
lower AGRU capital and operating costs. 
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Fig. 1. Concept of HiPACT 
More details were presented in [1] and [2]. 
The current paper focuses on the first test runs of the solvent in a commercial scaled natural gas plant: 
the INPEX operated Koshijihara Gas Plant in Japan. This plant has a history in solvent swaps, it 
originally used DGA® as acid gas removal solvent. After 15 years of operation with DGA, the plant 
changed the solvent to OASE® purple (a solvent, which was formerly sold under the Tradename 
aMDEA®) to improve energy efficiency and reduce corrosion and foaming issues. The solvent swap has 
been successful and INPEX has been enjoying the benefits for around 10 years. To further improve the 
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AGRU operation, INPEX agreed to conduct HiPACT trials in the Plant. INPEX considers HiPACT as 
one of the promising options for potential CCS implementation in its future projects. 
2. The INPEX Koshijihara Plant 
2.1. Description of existing facility 
INPEX’s Nagaoka Field Office operates the Koshijihara and Oyazawa Plants in the Minami-Nagaoka 
Gas Field, located in Nagaoka city, to supply pipeline gas to the central region of Japan, including Tokyo 
(see Fig. 2 below). 
TOKYO
NAGAOKA
Minami Nagaoka
Gas Field
Fig. 2. INPEX’s natural gas pipeline network 
The Koshijihara Plant consists of 3 natural gas processing trains while the Oyazawa Plant has one train 
with a total combined capacity of 5,300,000 Nm3/d. The natural gas production capacity of each train is 
shown in Table 1. The plant load is usually at full capacity during winter seasons due to the heavy 
demand for heating, while the demand is reduced during summer. 
Table 1. Natural gas production capacity of INPEX’s Minami-Nagaoka Gas Field 
  Natural gas production capacity [Nm3/d]
Koshijihara Plant Train-A 950,000 
 Train-B 950,000 
 Train-C 1,900,000 
Oyazawa Plant 1,500,000 
Minami-Nagaoka Gas Field Total 5,300,000 
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Each train has the same configuration for natural gas processing, consisting of inlet separator to 
recover NGL (natural gas liquid), AGRU, dehydration unit by means of DEG (Di-Ethylene-Glycol) 
solvent and dew point control unit to adjust to -10°C. The NGL passes through the Stabilizer unit and is 
then exported. The block flow diagram is shown in Fig. 3 below. 
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Fig. 3. Block Flow Diagram – Koshijihara Plant 
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A simplified flow scheme of the AGRU for identical Trains A and B is shown in Fig. 4, together with 
the major process parameters and equipment dimensions. The feed gas to the AGRU (composition is 
shown in Table 2) contains 6.5% of CO2, which is reduced to less than 0.1% in the treated gas (dry basis) 
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Fig. 4. Simplified flow scheme and key parameters – Koshijihara Plant Train-B 
Table 2. Feed gas condition – Train-B 
Temperature [oC] 35 
Pressure [MPaG] 7.6 
Flow rate [Nm3/h] 43,750 
Composition [mol%-dry]  
  CO2 6.49 
  N2 2.03 
  C1 82.05 
  C2 5.25 
  C3 4.18 
2.2. Demonstration test contents 
When the discussion for the collaboration between INPEX, JGC and BASF started, the three parties 
agreed to use one of INPEX’s commercial trains for the HiPACT demonstration test. INPEX analyzed the 
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natural gas demand and found that it could allow operation in Train-A or B from July to September in 
2010. Since a major expectation for the test was to confirm the absorption and desorption performance of 
the new solvent with various operating conditions, the short test period was acceptable. The treated 
natural gas during the HiPACT demonstration period was sent to the pipeline. 
The three parties performed minor modifications to the existing train prior to the test as illustrated in 
Fig. 5 Train-B was selected for the test due to the space availability for these modifications. Since train A 
and B have a common amine tank and a common sump drum for amine drainage, the initial fill and drain 
system for dual use of solvent had to be established. Therefore, 2 ISO tank containers were installed for 
temporary amine storage. An existing amine drain collecting pit in Train-A was utilized for OASE purple 
and the sump drum in Train-B for HiPACT. Temporary tubing and a temporary drain pit pump were 
consequently installed. 
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Fig. 5. Modifications of existing facility for HiPACT demonstration test 
Absorption and desorption performances were evaluated through 8 test runs as shown in Table 3, with 
various parameters such as amine strength, solvent flow rate, reboiler duty, lean solvent temperature and 
regenerator pressure. During stable operation of each run, DCS data and local indications such as 
temperatures, pressures and flow rates were obtained. Gas and liquid samples were collected to determine 
the CO2 loading of the amine streams and the CO2 content of the gas streams. 
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Table 3. Parameter test runs 
Run Run description Operating parameters 
Amine 
strength 
Reboiler
duty 
Solvent circ. 
rate 
Lean amine 
temp. 
Regenerator 
pressure
#1 High strength Base+10% Base+5% Base+13% Base Base 
#2
(Base) 
HiPACT base Base Base Base 53degC 
(Base) 
1.4bara 
(Base) 
#3 Reduced reboiler duty Base Base-13% Base Base Base 
#4 Lean temp.50degC Base Base Base Base-3degC Base 
#5 Lean temp.45degC Base Base Base Base-8degC Base 
#6 Lean temp.55degC Base Base Base Base+2degC Base 
#7 Increased reboiler duty Base Base+11% Base Base Base 
#8 High regenerator press. Base Base Base Base 2.5bara* 
* 2.5bara was the maximum allowable pressure of the existing equipment at the site 
2.3. Split of work 
The three parties agreed on the following split of work prior to the demonstration test: 
 INPEX: engineering and design of the modifications, operation of the demonstration test runs 
 JGC: engineering, design and implementation of the modifications, preparation of test procedure, 
sampling and measurement 
 BASF: solvent supply, preparation and supervision of test runs, analysis of test results 
JGC and BASF personnel were stationed in the Koshijihara Plant to ensure good communications 
during the demonstration test period. 
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3. Result and Discussion 
To evaluate the performance of the HiPACT technology in the Koshijihara Plant with minimal 
modifications, the test runs were set up as shown in Table 3 and the following system specifics were 
investigated: 
 Absorption capacity of the solvent (test runs #1, #2) 
 Absorption kinetics of the solvent, (test run #2) 
 The required and available reboiler duty (test runs #2, #3 and #7) 
 Regenerator pressure (test run #8) 
 And other major process operating conditions (test runs #2, #4, #5, #6) 
In the subsequent part of the paper, these points will be discussed for the new HiPACT solvent and 
will be compared to the former OASE purple and DGA solvents, which were operated in the plant. It 
should be noted that the DGA operation included an interstage cooler in the absorber, whereas this 
exchanger was not part of the OASE purple and HiPACT setup. Also, the feedgas CO2 partial pressure for 
DGA conditions was somewhat lower than for the other two cases (about 75% of the OASE purple and 
HiPACT partial pressure). 
Since the Koshijihara Plant needs to meet the pipeline gas specifications, it was a must for the 
HiPACT test phase to stay below the highest acceptable CO2 slip of 1000 ppmv at all times. In general, 
the plant was operated within 25 to 100 ppmv CO2 in the treated gas. 
3.1. Absorption capacity 
The absorption capacity of a solvent is one of the most important parameters for designing a plant, 
since it gives an indication for the maximum achievable CO2 capture capacity of each solvent. It varies 
for different amine types and strengths and also for different temperatures and CO2 partial pressures. 
To evaluate the capacity of the different solvents in the Koshijihara Plant, the CO2 equilibrium 
loadings at absorber bottom conditions have to be compared. Table 4 lists the relevant conditions; for 
HiPACT, run #2 was selected. 
It should be noted that during the solvent swap from DGA to OASE purple, the Koshijihara Plant was 
upgraded and the maximum solvent circulation rate was increased. Also, the total gas pressure was 
increased. 
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Table 4. Absorber bottom and specific lean solvent circulation rate 
  DGA OASE purple HiPACT 
Temperature [oC] 92 75.5 80.6 
CO2 partial pressure [bara] 3.9 5.2 5.2 
Feed gas flow rate [Nm3/day] 800,000 1,033,000 1,033,000 
Specific lean solvent circulation rate* [%] 100 135.8 108.1 
DGA had the highest absorber bottom temperature, mainly due to the lowest specific solvent 
circulation rate but also due to the highest absorption enthalpy. Even an interstage cooler, which was only 
operated under DGA conditions was not capable, of bringing the bottom temperature down to values 
similar to OASE purple or HiPACT conditions. OASE purple, the solvent operated with the highest lean 
amine flow rate, showed the lowest absorber bottom temperature. 
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Fig. 6 shows the CO2 equilibrium loadings in the absorber bottom for the different solvents according 
to the conditions in Table 4. For the DGA equilibrium curve, a commercially available rate-based design 
tool was used while, for OASE purple and HiPACT, a BASF in-house tool was utilized.  
Under the given operating conditions, DGA and OASE purple offer similar CO2 capture capacities. 
Improved corrosion properties and a lower specific reboiler duty were the main reasons why DGA was 
replaced by OASE purple in 2002. Along with the swap, INPEX ordered a new absorber, with a larger 
diameter and also increased the lean pump capacity. The third solvent in the plant, the HiPACT solution 
shows the highest absorber bottom loading of all three solvents at operating conditions (80.6°C).  
3.2. Absorption kinetics and absorber profiles 
Next to measuring the CO2 equilibrium loading, the reaction kinetics is another decisive value to 
understand the characteristics of an AGRU process. In a previous paper, it was shown that HiPACT reacts 
about 50% faster with CO2 compared to an equivalent OASE purple grade [1]. While the kinetics of the 
process by themselves are difficult to measure, a combined effect of equilibrium and kinetics however is 
much simpler to detect: concentration and temperature profiles in the absorber will be used to confirm the 
kinetic assumptions for modelling HiPACT. These profiles can be measured easily. 
For the three solvents which have been operated in the Koshijihara Plant, Fig. 7 and Fig. 8 summarize 
the temperature profiles and CO2 concentration profiles in the absorber. Test run #2 is the basis for 
HiPACT in this chapter. Major feed gas conditions are summarized in Table 4. 
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Fig. 7. Absorber temperature profile 
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The temperature profile shows a significant temperature bulge for DGA, a clear indication for pinched 
operating conditions. The corresponding CO2 profile in the absorber makes clear that the plant was 
operated close to break-through conditions: due to the high solvent temperatures in the middle part of the 
column, CO2 absorption rate slows down and a further reduction in the solvent circulation rate would 
result in off-spec natural gas. Corrosion and entrainment are the logical consequences for these conditions. 
HiPACT has a less distinct temperature bulge than DGA and shows an excellent CO2 absorption capacity 
even at temperatures around 100°C. OASE purple and HiPACT both offer stable conditions. These two 
solvents have still some additional CO2 capture capacity reserves. A further increase in gas capacity 
however would also sooner or later result in the DGA-like profiles. 
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Fig. 8. Absorber CO2 concentration profile 
Temperature measurements offer a direct method to compare the simulation tool outputs with 
experimental values. Fig. 7 shows an acceptable fit for HiPACT. 
3.3. Reboiler duty 
To confirm the reboiler duties of the HiPACT solvent, the results of test runs #2, #3 and #7 were used 
and compared with simulations and measured OASE purple values. The comparison with DGA has to be 
evaluated carefully, since DGA was operated under slightly different feed gas conditions (see Table 3.1). 
For OASE purple and HiPACT, the feed gas conditions were identical. To compensate for the different 
conditions as much as possible, specific values for the reboiler duty and the solvent circulation rate are 
being used. 
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Fig. 9 shows simulated relations between the specific solvent circulation rate and the specific reboiler 
duty for a CO2 slip of 90 ppmv in the absorber overhead of the Koshijihara Plant. Each solvent has an 
optimum circulation rate, where the reboiler duty has a minimum value. To further reduce the solvent 
circulation rate, significantly more energy needs to be invested to produce leaner stripper solutions; below 
a certain solvent circulation rate, it will not be possible to meet the 90 ppmv CO2 specification at all. For 
higher solvent circulation rates, the regeneration becomes more inefficient, since less CO2 flashes off and 
more needs to be stripped off. The curves are theoretical numbers, which need to be confirmed by 
experimental data. 
For OASE purple, we were able to compare the curve to 1 experimental data point at 23 ppmv CO2
slip. The measured energy consumption for OASE purple lies above the simulated curve, which was 
expected, since the measured CO2 slip is lower than the calculated value, so the lean solvent had to be 
leaner than in the simulation. 
For HiPACT, test runs #2, #3 and #7 were used. Test run #3 shows a CO2 slip of 93 ppmv and fits very 
well to the simulated HiPACT curve. Test runs #2 and #7 have a somewhat higher energy demand versus 
the simulation curve, however the actual CO2 slip is much lower than the simulated value of 90 ppmv, 
indicating that the lean solvent was being overstripped in actual operation during the test. The figure also 
contains data for test run #8, which were collected for a higher stripper pressure (see chapter 3.4). 
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The following major messages can be taken from Fig. 9: 
 Simulations and experiments fit well together 
 HiPACT shows 10-20 % lower reboiler energies than OASE purple 
 HiPACT has 20-27 % lower solvent circulation rates than OASE purple 
 DGA has the highest specific reboiler duty, but the high amine concentration allows lower circulation 
rates
3.4. Regenerator pressure 
One of the main targets during the development phase of HiPACT was to regenerate CO2 at an 
elevated pressure, somewhere between 3 – 8 bara. In [1], the results of the stability tests were presented, 
which were ran in the pilot scale unit at JGC’s laboratory in Japan and at BASF’s laboratory in Germany. 
Even though the elevated regeneration pressure is one of the major drivers to use the HiPACT technology, 
the limited pressure rating of the equipment in the Koshijihara Plant did not allow operation at a pressure 
higher than 2.5 bara. For the following, test runs #2 and #8 form the basis for the evaluation. 
In order to gain as much usable information out of the existing plant without modifying any equipment, 
the regenerator overhead was operated at two pressures: at 1.4 bara and at 2.5 bara. The solvent 
circulation rate and other process parameters were kept constant as far as possible and the reboiler duties 
were adjusted according to the process simulation to achieve a well regenerated solvent in order to meet 
the required CO2 specification in the absorber overhead. It should be noted that for test run #8, the lean 
amine was over-stripped, which resulted in CO2 concentration at the absorber overhead of only 14.5 
ppmv, which was significantly below the target value of 90 ppmv, however test run #2 had similar 
conditions. So a comparison between these two cases is reasonable. 
Table 5. Reboiler duties for two different regeneration pressures 
  Test run #2 Test run #8 
Regenerator top pressure [bara] 1.4 2.5 
Regenerator bottom temperature [oC] 112.8 127.1 
Specific lean solvent circulation rate [%] 108.1 99.8 
Specific reboiler duty [kJ/kg-CO2] 2,649 2,419 
Absorber CO2 slip [ppmv] measured 24.3 14.5 
As Table 5 and Fig. 9 indicate, the specific reboiler energy as well as the specific solvent circulation 
rate for the high pressure regeneration case (test run #8) are somewhat lower than for the base case (test 
run #2). This is within our expectation: 
 Since the gas composition at the top of the stripper contains a decreasing amount of water vapor with 
increasing total pressure. As a consequence the regeneration becomes more energy efficient. 
 At higher stripper sump temperatures, the lean loading of the amine decreases, which leads to a higher 
CO2 capture capacity of the solvent. 
 The CO2 partial pressure in the feedgas for test run #8 was about 9% higher than for test run #2 due to 
a different feed gas composition. 
The solvent/solvent exchanger offers further potential for additional energy savings: for the 
regeneration under higher pressure (test run #8), more heat needs to be recovered to end up with a similar 
mean driving temperature difference as in the low pressure case (test run #2). Since we did not modify the 
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exchanger, we could not show the full benefits of a regeneration under elevated pressure. A 
solvent/solvent exchanger with the same mean driving temperature difference as in test run #2 would 
reduce the reboiler duty by another 0.5%. 
4. Case study 
The case study, as shown in Table 6 (for more details: see [1]), is a comparison between a grassroots 
OASE purple plant versus a grassroots HiPACT plant; for both plants, adequate grassroots CO2
compressors for CCS implementation were considered. In this 1.5 million tons per year of gross CO2
recovery case, 28% reduction of Owner’s annual expenditure is expected with HiPACT, and - taking an 
11% improvement of net CO2 recovery corresponding to lower energy consumption into account - 35% 
reduction of net CO2 recovery cost are expected. 
Table 6. Case study result – Grassroots AGRU with CCS (gross CO2 recovery rate = 1.5 mil. tons/year) 
  OASE purple HiPACT 
  AGRU Comp Total AGRU Comp Total 
Annual fixed cost (relative value)*1 0.44 0.19 0.64 0.29 0.13 0.42 
OPEX (relative value) *1 0.31 0.05 0.36 0.26 0.03 0.30 
Owner’s annual expenditure 
(saving from OASE purple [%]) 
(relative value) *1 0.75 0.25 1.00 0.56 
(-26%) 
0.16 
(-35%) 
0.72 
(-28%)
CO2 emission [mil.tons/year] 0.34 0.15 0.49 0.28 0.10 0.38 
Net CO2 recovery 
(improvement from OASE purple [%]) 
[mil.tons/year]   1.01   1.12 
(+11%)
Net CO2 recovery cost (relative value)*2   1.00   0.65 
(-35%)
“Annual fixed cost” represents an annual cost corresponding to investment cost (e.g.. depreciation) plus maintenance cost, in [mil-
USD/year]. Annually 13% of investment cost was counted for “Annual fixed cost”. 
“OPEX” represents utility costs to operate AGRU and CO2 compressor, in [mil-USD/year]. 
“Owner’s annual expenditure” = (Annual fixed cost) + (OPEX) [mil-USD/year] 
“CO2 emission” corresponds to energy consumption within AGRU and CO2 compressor. 
“Net CO2 recovery cost” = (Owner’s annual expenditure) / {(Gross CO2 recovery) – (CO2 emission)} 
*1 Owner’s annual expenditure for OASE purple = 1.00 
*2 Net CO2 recovery cost for OASE purple = 1.00 
 Koji Tanaka et al. /  Energy Procedia  37 ( 2013 )  461 – 476 475
Further to this, there is a possible scenario of CCS implementation; recovered CO2 from an existing 
plant is injected by means of newly installed CO2 compressors. Therefore, an additional case study was 
conducted.
The following two cases were studied: 
(1) OASE purple case 
AGRU : an existing OASE purple plant is used for CO2 recovery (no investment in facility is 
made) 
CO2 compressor : newly installed 
(2) HiPACT case 
AGRU : an existing OASE purple plant is revamped to use HiPACT 
CO2 compressor : newly installed 
Increasing the suction pressure of the CO2 compressor by swapping OASE purple with HiPACT will 
be beneficial to reduce the overall CO2 compressor costs. This scenario however requires modifications in 
the existing plant. The major revamp items are assumed to be a replacement of the regenerator system to 
increase the design pressure and an installation of a new solvent/solvent heat exchanger to recover and 
exchange more heat from the regenerator bottom stream to the rich amine stream. 
The results of the case study are shown in Table 7. 
Table 7. Case study result – Revamp of AGRU for CCS (gross CO2 recovery rate = 1.5 mil. tons/year) 
  OASE purple HiPACT 
  AGRU Comp Total AGRU Comp Total 
Annual fixed cost (relative value)*1 0.10 0.19 0.29 0.22 0.13 0.35 
OPEX (relative value) *1 0.31 0.05 0.36 0.26 0.03 0.30 
Owner’s annual expenditure 
(saving from OASE purple [%]) 
(relative value) *1 0.41 0.25 0.66 0.49 
(+17%) 
0.16 
(-35%) 
0.65 
(-2%) 
CO2 emission [mil.tons/year] 0.34 0.15 0.49 0.28 0.10 0.38 
Net CO2 recovery 
(improvement from OASE purple [%]) 
[mil.tons/year]   1.01   1.12 
(+11%)
Net CO2 recovery cost (relative value)*2   0.66   0.58 
*1 Owner’s annual expenditure for grassroots OASE purple = 1.00 
*2 Net CO2 recovery cost for grassroots OASE purple = 1.00 
For the OASE purple case, the annual fixed costs of the AGRU are greatly reduced compared to the 
data from Table 6 because no additional investment into the AGRU is required and only maintenance 
costs have to be considered as annual fixed costs. The CO2 compressor costs remain unchanged. 
Consequently, the total Owner’s annual expenditures are reduced to 0.66 (grassroots case = 1.0). 
For the HiPACT case, owner’s annual fixed costs are higher than for the OASE purple case because of 
the higher revamp costs, even though, the increase in the revamp costs for the AGRU is partly 
compensated with the lower CO2 compressor costs. Since the annual fixed costs will decrease over the 
years, HiPACT is still a competitive option. If the net CO2 recovery costs are taken into account, the 
HiPACT case is even more advantageous. 
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5. Conclusion 
The INPEX operated Koshijihara Sales Gas Plant in Japan has seen a variety of solvent over its life 
time. The original solvent, DGA was replaced by OASE purple to increase the capacity and finally, the 
new HiPACT process was operated for a test phase in the plant. 
Over the period of 5 weeks, the plant was operated under various process conditions with the new 
solvent. The results are as follows: 
 General performance according to the operators was excellent 
 Energy consumption in the reboiler was reduced by 10-20% compared to OASE purple and even 
further compared to DGA 
 Solvent circulation rate was reduced by 20-27% compared to OASE purple but is somewhat higher 
than for a 60 wt% DGA solution 
 HiPACT operation is more stable than OASE purple 
 No foaming was observed and no antifoam was added to the solvent over the whole test period 
 Neither solvent degradation nor corrosion was observed 
 The plant always produced on-specification natural gas with a maximum CO2 content of 1000 ppmv 
 By adjusting the operational conditions, LNG specification (< 50 ppmv) was also met 
 All eight test runs showed a good comparison between simulation and operational results. 
In a case study, where an existing OASE purple plant was upgraded for a CCS application, it was 
shown that revamping the plant to HiPACT and installing a reduced compression section leads to lower 
net CO2 recovery costs than installing a compression section without modifying the acid gas removal 
plant. 
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